Escape from immune recognition has been hypothesized to be a factor in carcinogenesis. It may be mediated for many cancers through down-regulation in the MHC class 1 antigen processing and presentation pathway. TAP-1, TAP-2, tightly linked to LMP-2 and LMP-7 are multiple components of the endogenous, antigen presentation pathway machinery. We addressed the question of alterations in this pathway in human Glioblastoma (HGB) and of its relationship to modulation in expression of IGF-1 that is highly expressed in this cancer. Deficiencies in expression of TAP-1 were demonstrated by RT-PCR and/or by immuno-flow cytometry in the HGB cell line T98G obtained from ATCC, and in 3 of 4 human cell lines established from patients with Glioblastoma Multiforme. Deficiencies in expression of TAP-2 were observed in 3 of 4, deficiencies in expression of LMP-2 in 4 of 4 and deficiencies in LMP-7 in 3 of 4 HGB cell lines examined by RT-PCR and Western blot. Following down-regulation of IGF-1 by transfection with the pAnti IGF-1 vector that expresses IGF-1 RNA in antisense orientation, or by the exogenous addition of IGF-1 receptor monoclonal antibody to cell culture media, the deficiencies in components of the MHC-1 antigen presentation pathway were up-regulated and/or rescued in all HGB cell lines tested. Moreover, this up-regulation in expression was aborted by addition of 100 ng/ml of IGF-1 to the culture media. Unlike in the case of IFN-c, the restoration of TAP-1 and LMP-2 by down-regulation of IGF-1 in Glioblastoma cells was not correlated to the tyrosine phosphorylation of STAT 1. In summary, the simultaneous reversion in expression of the multiple constituents of MHC-1 antigen processing path and up-regulation in expression of MHC-1 occurring with down-regulation in IGF-1 may have a role in reinforcement of immunity against tumor antigen(s) in some animal cancers and in humans with Glioblastoma Multiforme.
Introduction
Major histocompatibility complex (MHC) genes in humans are referred to as human leukocyte antigen (HLA) genes. The HLA locus spans approximately four megabases on chromosome 6P21.3. Its gene products are predominately associated with the immune system. HLA-1 and II molecules are membrane-bound glyco-proteins, which have key roles in the presentation of antigens to T-lymphocytes [1, 2] . HLA-1 molecules are ubiquitously expressed in accordance with their essential functions in mediating immune responses against endogenously derived virus and tumor cell antigens [3] . Endogenous antigen peptides are generally produced in the cytosol by large multicatalytic proteolytic molecules named proteasomes (LMPs). LMP-2, LMP-7 and LMP-10 subunits of the proteasomes are inducible by interferongama (IFN-c) [4, 5] . The 8-9 amino acids antigen peptides produced by this reaction are then translocated to the endoplasmic reticulum (ER) by transporters associated with antigen processing (TAP-1 and TAP-2) [6, 7] . Assembly with HLA class 1 heavy chain and the b 2 -microglobulin light chain occurs here [8] . The HLA class 1 peptide complex is then transported to the cell surface to be presented to cytotoxic T lymphocytes (CTL). This antigenprocessing machinery and HLA-1 restricted antigen-presentation pathway is believed to have a role in the activation of CTL mediated immunogenicity [9] . Importantly, this machinery and the MHC-1 restricted antigen presentation pathway are downregulated in many different cancer tissues and cancer cell lines [10] [11] [12] [13] [14] . This has led to the hypothesis that the defective pathway may have a significant role in loss of immuno-surveillance and possibly in causation of cancer.
We previously showed, in several different animal cancer models (rat C6 glioma [15] , murine teratocarcinoma [16] , transgenic spontaneous hepatoma [17] , commentary rat/ LFCI2A-hepatocarcinoma [18] ), and, in human glioblastoma cell lines [19] , an up-regulation in expression of MHC class 1 following down-regulation in cellular IGF-1 by transfection with the pAnti IGF-1 (an IGF-1 antisense RNA expression vector) [19] [20] [21] . We show in this paper, the association between down-regulation in expression of IGF-1 and enhancement in the cell surface expression of HLA class 1 molecules in human Glioblastoma cells and Glioblastoma cell lines. Along with this, we show a concomitant increase in mRNA expression for TAP-1, TAP-2, LMP-2 and LMP-7 components of the endogenous antigen presentation pathway. Increase in the TAP-1 peptide was demonstrated, and, increase and/or rescue in the expression of TAP-2, LMP-2 and LMP-7 peptides were demonstrated when down-regulation of IGF-1 by IGF-1 antisense RNA or when blockade of the IGF-1 receptor (IGF-1R) by its monoclonal antibody occurred. We conclude that loss and/or down-regulation in expression of the endogenous antigen processing pathway machinery in human Glioblastoma (HGB) and HGB cell lines can be modulated and rescued by down-regulation of IGF-1 expression in HGB cells.
Materials and Methods

Ethical Considerations
Human experiments were done in accordance with the Declaration of Helsinki (1964) . The experiments were conducted with the understanding and informed consent of the human subjects. The Institutional Review Board of University Hospitals of Cleveland has approved these experiments.
Cell Lines and Cell Culture
The human Glioblastoma cell line T98G was obtained from the American Type Culture Collection (ATCC, Rockville, MD). Primary human Glioblastoma cell lines were obtained from 16 patients with diagnosis of human Glioblastoma multiforme as determined by histo-pathology in accordance with the World Health Organization system of classification. Primary human Glioblastoma cell cultures were derived according to techniques previously described [22] . Cells were grown in supplemented Dulbecco's Modified Eagle's medium (DMEM) containing 4.5 g/l Glucose, 4 mM L-Glutamine (Biowhittaker) to which was added 16non-essential amino acids solution (MEM) (GIBCO/BRL, Carlsbad, CA), 1 mM sodium pyruvate (GIBCO/BRL), 5 mg/ml human transferrin (GIBCO/BRL), 3.46 ng/ml sodium selenite (GIBCO/BRL) and 500 ng/ml insulin (SIGMA, St. Louis, MO). The complete medium was adjusted to a final concentration of 10% fetal bovine serum (FBS) (Biowhittaker, Walkersville, MD). Cultures were maintained in a humidified atmosphere of 5% CO 2 and 95% air at 37uC.
pAnti IGF-1 Plasmid
The E. coli bacterial strain DH5a bearing the IGF-1 antisense RNA vector, pAnti-IGF-1, was kindly provided by Dr. J. Ilan (Case Western Reserve University, Cleveland, Ohio, USA). This expression vector includes the Epstein-Barr virus origin of replication and the gene encoding nuclear antigen 1, which together drive extra-chromosomal replication. The construct shown in Fig 1A is as previously described [22] . The vector replicates episomally within human cells providing a copy number up to 100 per cell [23] . Vector is isolated and purified using a Plasmid Maxi Kit (QIAGEN, Valencia, CA) according to manufacturer's instructions. A control plasmid, pAnti IGF-2 has the same construction map accept the 1 kb of IGF-2 cDNA, in antisense orientation, replaced the IGF-1 antisense sequence. This was also previously described by us [16] .
Transfection of Human Glioblastoma Cells
The ATCC human glioblastoma (HGB) cell line T98G and cell lines established in our laboratory from primary cultures of HGB patients were transfected with pAnti IGF-1 as previously described using the lipofectin reagent kit available from GIBCO/BRL [22] . Isolated foci (clones) of transfected cells were obtained using cloning cylinders. Separated clones were transferred to six-well plates, expanded and transferred to 60 mm or larger culture dishes as appropriate. The populations of cells were then further expanded under growth conditions that included the selective pressure of hygromycin B. Cell passages used to reach the point at which transfection could be done were 1 -2 [22] . To complete transfection to point of a stably transfected cell line required an additional 3 -4 cell passages.
Immunofluorescent Flow Cytometry
Immunofluorescent staining for HLA Class 1 and B-7.1 antigens was performed by modification of standard techniques at 4uC in a 96 well micro-titer plate [22] . HGB cells were first trypsinized and washed63 with phosphate buffered saline (PBS) as previously described. Cells (2.5 -5.0610 5 ) in 150 ml PBS were loaded into each well of a 96 well plate and centrifuged 800 g65 min at 4uC. Supernatants were aspirated and primary antibody was added at a dilution of 1:50 at 4uC for 30 min. Cells were then washed63 with 150 ml of PBS as previously described [22] . Secondary antibody binding was performed using fluorescein isothiocyanate (FITC) conjugated goat anti-mouse IgG (Kirkegaard & Perry Lab, KPL, Gaithersburg, MA) at a dilution of 1:200 in absence of light. Surface antigen B-7.1 was detected, using mouse anti-human B-7.1 monoclonal antibody conjugated with Rphycoerythrin (R-PE) (Ancell, Bayport, MN), by direct staining technique in the absence of light. To detect intracellular IGF-1 and TAP-1, trypsinized and PBS washed cells were pretreated with 2% paraformaldehyde at 25uC 65 minutes and permeabilized with 0.1% Triton x-100 at 25uC for 1 min. Cells were treated with primary antibody, mouse anti-human IGF-1 (Upstate Biotechnology, Waltham, MA) or mouse anti-human TAP-1 antibody (a gift from Dr. Robert Tampe, Philipps-University of Marburg, Germany), and, then stained with secondary antibody (FITC conjugated goat anti-mouse IgG) and analyzed by flow cytometry (Becton Dickinson, Franklin Lakes, NJ) on the day of staining. Histogram analysis was performed using LYSYS II software.
For immuno-cytochemistry and flow cytometry studies, nontransfected or transfected cells were incubated618-20 hrs in supplemented DMEM (with no added FBS) in presence or absence of 50 uM ZnSO 4 . Incubations were done to complete induction and expression of IGF-1 antisense RNA and the down-regulation of IGF-1 prior to cell staining procedures.
PCR and RT-PCR
Cell lysates were prepared for polymerase chain reaction (PCR) by addition of cells in 100 ul aliquots of PCR buffer (50 mM KCL, 10 mM Tri-HCL pH 8.3, 2.5 mM MgCL 2 ) containing the 0.45% non-ionic detergent NP40, 0.45% Tween-20 and 100 mg/ml proteinase K, to each well of a 48 well-plate. Following incubation61 hr at 55uC, temperature was increased to 95uC 610 min to inactivate proteinase K. Detection of IGF-1 antisense cDNA by PCR was carried out in a Thermal Cycler 480 (Perkin Elmer) programmed for 30 cycles of 60/45/90 sec at 94/56/72uC respectively, using Taq polymerase. Reverse transcription PCR (RT-PCR), for detection of IGF-1 antisense RNA and TAP-1, TAP-2, LMP-2, and, LMP-7 mRNA, was performed using Trizol reagent (GIBCO/BRL) in the presence of RNase inhibitor (RNasin). Briefly, HGB cells cultured in 100 mm dishes were washed with PBS61, PBS was aspirated and 2 ml of Trizol reagent was added to each dish. The mixtures were then incubated at room temperature65 min. 0.4 ml of chloroform was added and the homogenates were formed with gentle shaking. After incubation62 min at room temperature, mixtures were centrifuged at 1,500 rpm67min at 4uC to separate phases. The upper aqueous phase was transferred to a fresh tube, mixed with an equal volume of isopropyl alcohol and then incubated at room temperature610 min. Total RNA precipitates were obtained by centrifugation at 12,000 g615 min at 4uC in a microfuge. Pellets were washed61 in 75% ethanol, air-dried and re-suspended in DEPC (diethylpyrocarbonate)-treated water. DNase digestion was then done in 50 ul aliquots of total RNA as previously described [22] . After incubation at 37uC 6I hr, 100ul of Trizol reagent+20 ul of chloroform were added and reactions were continued at 25uC 65 min. The mixtures were then centrifuged at 12,000 g615 min at 4uC in a micro-centrifuge. The upper phases were separated and precipitated with an equal volume of isopropyl alcohol. The pellets were washed with 75% alcohol and air-dried65 min. Reverse transcription was done as follows: 16ul (2 uM) of the DNAse treated total RNA was combined with 5ul (1.5 uM) random primer (GIBCO/BRL), 10 ul of 56RT-buffer and 6.5ul of DEPC-treated water; and, the mixture was then incubated at 70uC 65 min. After chilling on ice, 5ul of M-MLV (Moloney Murine Leukemia Virus) reverse transcriptase (200 u/ul), 5ul of 0.1 M DDT, 1ul of 46dNTP and 1.5ul of 40u/ul RNasin were added. The reaction was then incubated at 42uC 650 min, and terminated at 99uC 65 min. PCR was carried out combining 2.5 ul of the cDNA solution, 2.5 ul of 106PCR buffer, 0.75ul of 50 mM MgCL 2 , 1.25 ul of dNTP mix (4 mM each), 1.0 ul of the forward and reverse primer pair (50 ng), 0.5 ml of the b-actin primer pair (50 ng), 0.25 ul of Taq polymerase (0.5u) and 15.5 ul of water. PCR was done in a Perkin Elmer thermal cycler 480 as previously described. The sequences of primer pairs used for amplification of cDNA are shown in Table 1 .
Western Immunobloting
HGB cells grown to 90% confluence were incubated in fresh serum-free, supplemented DMEM containing 50 mM ZnSO4618-20 hrs. Cells were washed 61with cold 16DPBS, then solubilized in 0.5 ml of cold lysis buffer cocktail containing protease inhibitors (complete mini) (Roche, Indianapolis, IN) at 4uC. Cell lysates were sonicated610-15 sec to shear DNA and reduce viscosity of samples. Protein concentration was determined for samples, using the DC protein assay kit (Bio-Rad laboratories, Hercules, CA). 50 mg of each sample was heated to 95-100uC 65 min, cooled in ice and centrifuged at 12,000 g65 min. Superna- tants were maintained at room temperature, then loaded on SDS-PAGE gel and electrophoresis was carried out at 125 V for 1 hr. The separated proteins were electro-transferred to PVDF membrane (Immobilon TM -P membrane) (Millipore, Bedford, MA) at 30 V overnight or at 120 V for 1 hr at 4uC. Non-specific protein binding was blocked by incubation in TBS-T (20 mM Tris/HCL, PH 7.6, 137 mM NaCL, 0.1% Tween 20) containing 5% non-fat milk for 1 hr at room temperature. Immuno-detection was performed using primary mouse anti-human TAP-1 monoclonal antibody (a gift from Dr. Robert Tampe, Philipps-University of Marburg, Germany) and secondary rabbit anti-mouse IgG antibody conjugated with horseradish peroxidase (HRP) (Cell Signaling Technology, Beverly, MA). LumiGLO chemiluminesence was used as the detection system. Blots were stripped with Western-Re-Probe (Gene Technology, Inc, St. Louis, MO) and probed with primary mouse anti-human actin (Ab-1) monoclonal antibody (IgM) and secondary goat anti-mouse IgM antibody conjugated with HRP (Oncogene Research Products, San Diego, CA).
Quantification and Statistical Analysis
Quantification by densitometry for images from RT-PCR was performed with an Epson Scanner densitometer. The relative optical densities were measured by sampling 565 pixels. The density for each sample band was determined relative to the corresponding band of actin, with subtraction of the background density for a similar-sized area in a control zone of the image section. The quantity of each protein band in the Western blot was determined using the NIH IJ (image J) densitometry program. Statistical analysis was performed using SDA WINKS Software (Cedar Hill, Texas). All values are expressed as means (+/-SEM) for similar sized samples from two -three independent experiments. The One-way ANOVA/t-test analysis of variance was performed to assess significance. P Values,0.05 were considered statistically significant.
Results
Molecular Characterization and Down-regulation of IGF-I in pAnti-IGF-I Transfected HGB Cell Lines
Human Glioblastoma (HGB) cell lines, obtained from primary cultures of six patients with histo-pathologically diagnosed Glioblastoma, each demonstrated glial fibrillary acidic protein (GFAP) and IGF-1 positivities by indirect immuno-cytochemical staining technique using mouse anti-human IGF-1 monoclonal antibody. IGF-1 positive cells were characterized by yellow-brown staining in peri-nuclear cytoplasm. The HGB cell line T98G, obtained from ATCC, demonstrated similar staining. In contrast, pAnti-IGF-1 transfected HGB cells stained negatively [22] . Table 2 . Parental T98G cells and 6 HGB cell lines expressed low levels of HLA-1 molecules on cell surfaces. Following transfection with pAnti-IGF-1, transfectants of the T98G cells and each of the 6 HGB cell lines tested showed a greater than 45% increase, with a range of increase up to seven fold in expression of HLA-1 (p, 0.05). Analysis by Flow cytometry demonstrating relatively significant increase in expression of HLA-1 in transfected, when compared to non-transfected and mock transfected, T98G cells is depicted in Fig 3 A and B (P,0.05) . Also depicted in Figure 3 is transfection with the vector pAnti-IGF-2. These data showed no significant differences from the non-transfected or mock transfected controls (Fig 3 C) . Two HGB cell lines, HG-2 and HG-3, showed a 16 fold and 5 fold increase, respectively, in expression of the B-7.1 ( Table 2) 8 of Fig 4 B) . Using the Epson perfection photo scanner, the optical intensities for Fig A, Fig 4. Fig 5 B demonstrates that three cell lines (T98G, HG-2 and HG-9) cultured in medium plus 10 ug/ml of IGF-1R monoclonal antibody were up-regulated in expression of TAP-1 and LMP-7, and that rescue in the expression of TAP-2 and LMP-2 occurred when compared to these cell lines cultured in medium minus the IGF-1R mAb. In Fig 5 B row 5 , the upregulated expression of the co-stimulatory 60 kd B-7.1 molecule is also shown in these cell lines following blockade of the IGF-1 receptor by its monoclonal antibody. In order to determine whether Stat signaling is involved in the IGF-1 regulated expression of the TAP-1 gene, the pAnti IGF-1 transfected T98G and/or HG-2 cells were treated with addition of IGF-1 (100 ng/ml) in absence of serum and with ZnSO 4 (50uM) added to culture medium. During different time intervals of treatment, cells were collected and cell lysates were obtained as described in methods and analyzed by Western blot using the antibodies (Cell Signaling Technology Inc.) specific for phosphorylated Stat1(Tyr 701) or phosphorylated Stat3(Tyr 705). The expression of pStat1 in T98G NT (data not shown) and T98G TX cells was not detected; and it was also not detected after the exogenous addition of IGF-1 (Fig 7 B, C) . In contrast, pStat3 was expressed in both T98G NT (data not shown) and T98G TX cells; and it was transiently decreased following addition of IGF-1 to T98G TX cells for a limited time interval (Fig 7 B, C) . At greater than 120 min, its expression returned to a high level. The same result was obtained from experiments using HG-2 TX cells (data not shown). These data, therefore, demonstrate that expression of pStat1 and pStat3 was differentially regulated in Glioblastoma cancer cells in response to IGF-1 growth factor signaling, and, that pStat1 and pStat3 may have different roles in regulating expression of the TAP-1 gene.
Discussion and Summary
Previous data showed that down-regulation in IGF-1 leads to an increase in cell surface MHC-1 [16] [17] [18] [19] [20] [21] 25, 26] . This led to the hypothesis that decrease in intracellular IGF-1 would enhance components of the endogenous antigen processing and presentation pathway. The decrease in expression of endogenously processed tumor cell antigens in cancer tissues and cancer cell lines is a well-reported phenomenon [10] [11] [12] 27, 28] . It was previously demonstrated that the reverse of this process could be obtained by down-regulation in the expression of IL-10 [29] . We show in this paper an association between down-regulation in expression of IGF-1 and enhancement in the cell surface expression of HLA class 1 molecules. Along with this, there is a concomitant increase in the TAP-1, TAP-2, LMP-2 and LMP-7 components of the endogenous antigen presentation pathway.
Our previously reported work demonstrated enhancement in survival of animals that is consistent with immunity in four different animal model systems in which the intracellular expression of IGF-1 was down-regulated by transfection with vector expressing an IGF-1 antisense RNA or by transfection with vector expressing an IGF-1 RNA that can form a triple-helix oligonucleotide sequence with IGF-1 DNA [15] [16] [17] [18] [19] [20] [21] . The established role for the IGF-1 molecule in early differentiation of tissues as well as in cell proliferation, and, the possible need for the developing embryo to modulate the immune reaction toward protein antigens specifically expressed from the male parental genes provide a teleological rationale for a dual role in its regulation of development and immunity [30] [31] [32] . This together with the well reported anti-apoptotic effect of IGF-1 on programmed cell death provides insight into fundamental mechanisms for a causal role of this molecule in the progression toward frankly invasive cancer. One explanation for the results obtained, would concern whether the impact of IGF-1 is directed to selection of a specific subset of cells rather than to the modulation of IGF-1 in a given glial cell fraction. The care to select cloned cell fractions as starting material would seem to rule against this possibility. In addition, the reversal of the upregulation in antigen processing machinery by addition of IGF-1 to culture medium would also tend to rule against this possibility. Furthermore, the morphological characteristics of transfected cells do not differ from the parental non-transfected cells. In addition, and importantly, similar results were obtained using the ATCC T98G stably cloned cell line of Glioblastoma as a standard control. Thus, we conclude that the decrease in the antigen processing machinery is affected by cell content of IGF-1.
Although a one base deletion of the TAP-1 promoter sequence of a melanoma cell line has been reported [33] , other reports document that the decreased expression of TAP-1, 2 and LMP-2, 7 in cancer cell lines can be modulated or rescued by induction with IFN-c [34] [35] [36] . Here we report that the deficiencies can be rescued by transfection of HGB cells with a vector expressing antisense IGF-1 RNA and/or by exogenous addition of antibody to IGF-1 receptor. We show further that the rescue can be aborted by addition of IGF-1 to culture medium (Fig 7) .
The appropriate regulation of transport associated proteins and large multicatalytic proteasomes is critical for initiation and continuation of the cellular immune response through the endogenous antigen process pathway [28] . The TAP-1 and LMP-2, constituents of this processing pathway are interferongamma (IFN-c) inducible genes. TAP-1 and LMP-2 were reported to be up-regulated or rescued by induction of IFN-c via tyrosine phosphorylation of Stat 1 (signaling transducer and activator of transcription -1) [37] [38] [39] [40] . We report in this paper that the restoration of TAP-1 and LMP-2 by down-regulation of IGF-1 in Glioblastoma cells was not related to the tyrosine phosphorylation of STAT 1, i.e. there was no pSTAT 1 detected in either wild type Glioblastoma cells or in cells transfected with the pAnti-IGF-1 vector that expresses IGF-1 antisense RNA and in which expression of TAP-1 and LMP-2 were restored by induction of the MT-1 promoter of pAnti IGF-1 in the absence of serum. There was also no pSTAT 1 detected in the pAnti IGF-1 transfected cells when IGF-1 was exogenously added to the serumfree culture medium (Fig 7) . That is, the down-regulation of TAP-1 and LMP-2 in cells and/or the restoration of TAP1 by downregulation of IGF-1 in these tumor cells are pSTAT 1 independent. Thus, we assume that the mechanism for the restoration of TAP-1 and LMP-2 by down-regulating IGF-1 is different, or partially different, from the one in which restoration of expression of genes by induction of IFN-c occur in cancer cells. In the experiments described here, we found that the restoration of TAP-1 and LMP-2 may be related to the phosphorylation of STAT 3. Firstly, pSTAT 3 was detected in pAnti IGF-1 transfected, IGF-1 down-regulated T98G cells. Secondly, the exogenous addition of IGF-1 led to suppression in expression of pSTAT 3 for up to 6 hours; this suppression is paralleled by suppression in expression of TAP-1 (Fig 7 B, C) . These data show that STAT 3 may have a tumor-suppressive function in Glioblastoma cells, such as in the T98G cell line. This is similar to the findings of the unexpected Stat 3 function linked to PTEN gene activities in brain cancer cells by Bonni A, et al. [41] . Moreover, STAT 3 is an important transcription factor, and, activated STAT 3 can also bind to GAS element-like sequence or ISRE element to activate a promoter of downstream genes [42, 43] . Accordingly, we postulate, that STAT 3 may have a role in the restoration of TAP-1 and LMP-2 in IGF-1 down-regulated Glioblastoma cells. Further investigation is needed to elucidate the mechanisms involved in the modulation of antigen processing machinery by down-regulation of IGF-1 in cancer cells . Fig 7 B also shows the effect of IGF-1 on expression of pAkt. PAkt was not detectable in pAnti IGF-1 transfected T98G cells cultured in serum-free medium plus 50 uM Zn2+. It was, however, detected 30-60 min after addition of IGF-1. This suggests that IGF-1 stimulates the PI3K/Akt signaling pathway, and is consistent with the work of others [44] . It is very likely that inhibition of IGF-1 leads to down-regulation in expression of the MHC-1 antigen processing [45] .
It is clear, however, that IGF-1, in addition to its other functions, can modulate the endogenous antigen processing machinery and possibly the immune response as well as having its known role in modulating the process of apoptosis. Furthermore, in those cancers that over-express this molecule, strategies for treatment that modulate IGF-1 have promise for leading to efficacious immuno-gene therapy. The expression of TAP-1 was examined as a function of time following addition of IGF-1 (100 ng/ml) in TX T98G cells in absence of serum and in the presence of Zn2+. Cells were treated with exogenous IGF-1 for the time periods as depicted. The cell lysates were prepared and subjected to Western Blot analysis as described in methods. The primary antibodies to TAP-1, pStat1 (Tyr701), pStat3 (Tyr705) and Stat3 were also obtained as described. The 70 kd TAP-1, 91 kd pStat1, and 86 kd pStat3 and 86 kd Stat3 peptides produced during the time course were identified by monoclonal antibody used and molecular weights. The data represent one of three sets of similar experimental results. C, Data from Fig 7 B and similar results from two repeat experiments were used for this bar graph. The densitometry quantification was done using the NIH image J program as described in methods. doi:10.1371/journal.pone.0058428.g007
